Construction of gps vapor information system for interdisciplinary studies by KONDOH, Akihiko et al.
coNS TRUC TIO N O F GP S VA PORI N FO R M ATIO N SYSTE M F O R
I N T E R DIS C IPI.I N A R Y S TtJD I E S
A払hiko KD ndohl,Is aoN aito
2
, Ryt10ta ni
3
)
TetstlyatW abtlChi
4
,
sh -ichi M iya z aki
5
1
c E ReS, Chiba U hiv ersity,
2
Earth.R
otatio ndiv･ , M 血s8 W aAstorogeodyn amicsObserv atoryJN AO
3
Depd n e ntofEarthand Pla netaryPhysics, Gr adu ate Scho olofScien ce, U biv1 0f Tokyo
4
The Gr adu ate Univ ersilyforAdv a n cedSttldies,
5 Ge ogr&phicalSt - eylnstittlte
INT R O D tJC TIO N
G P SMete or olgyisthe studythatin chdesthe observaLtio n ofpre cipitable w ater,its app正catio nto
we atherfor ec astor obs ervatio nof由ob alw amingbyusing Glob al Positio ningSystem(Bu si喝 er,1996;
w are etal. ,1 9 6;Naito, 196). Re ce ntdev elopm e血s ofthe ac ct m cyofsatellite orbilforec asting 皿 d of
s oBw arefor a nalyzing e p s data e n ablethe estim atio n ofpr ecipitable w ater(P W)･ Pr ecipitable w aterdata
&o m e psstatic.ESbyGeogaphical St m yhditute(G ST), ofwhich n wd'er ofstadon s ar e co叩 atibie wiih
AM eD A Sstatio n s, ar e av ailableinJapa n(Hata mk& eial. ,1 996;Ann ashietall ,1997)･
Thispaper otltlin esthedatabaseco nstru ctionforixEterde ciplin arytB e Ofe p sw aterv apori 血r m atio nfor
envir on m e血 Is cien c es. 1 me objectiv e s ofe p s Mete orol gyProject(eps/M E T J A P A N)申 rLedthisyear,
char acteristics of G P Sv apori dor matio nbyG SIandthe cha ngesin v apor ov erJapa nishndsdetected by
G PS ar ealso e xplaiJled inthepaper･
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Fig.1 neZcc atioLtS Of e p s Statio rLSby GST, Jap&Tl･
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O BJE C TIV ES O F G PS/M E TJA PA N
Fig.1sho w sth丘lo 瓜tiorLS Of G SyG P Sstalio ns. e p s/M E TJapa nt=tiliz esthe datafro mthesede ns ely
distribtrted G P Sstatio ns.Itis r ar ein other cou ntries
,
a nd itwi llen ablethedisthctiv e sttldiesin Japa m
T 触reire se v eralobje ctiv esin e p s/M E T J A P A Nasfo llo w s:
- To co血in ee psv aporinforzn atio ntothe ntln eric al we atherfore c astsyste m ofJapa nM ete orolgical
Age n cy(J M A), a ndtlSe Sfor m eso s cale w e atherfor ec ast･
- TDfe edba ckw e atherfore ca st 血tatola ndstLrV eyS, a ndtoimpro v e a c ctu a cy ofspa cegpodetic m ethods,
in cltldinge ps a nd V I B 王･
- Tbc o nstnlCtV apo rinfor m ationdatabas efortheiderdis ciplin aryr ese ar血 , 飢1 Ch as emvir o ⅡⅠ出 血 alscieJICeS･
G PS M ete o rol gy
Pre cipitable W ater
Co Htim o u sG P S O bse mtio nSyste m < <W aterVapor > > Nt H kric al WeatherFor ec astingSyste m
G ri d Data
.
1 1 ↓
m G PSst m ey Hydr olo由cal Cycle M es o-Sc ale W e ather Fore cast
Fig･2 Ac on ceptof GPSノMET Japan(S Tも1997)･
Fig.2 sho w sthe co n c eptofthai e ps/M E T Japanpr oject. T bproje ctispro m oted by six sub-progr a n s･
Eachprogra minchldes,(1)a studyo nthe estim atio n a nda ssessl 批d of G P S deriv edpre cipitable w ater,(2)a
studyo nthe y ea:therfore c astbas ed o nthe e p spr ecipitable w ater,(3)a studyo Atheimpro v e E 蛤HtOf甲 a Ce
sTLrV eyS,(4)de v elopzr -tofre altim e a n alysiste血 ology,(5)co mtrudio n ofe p sv apordat且 base a nd(6)a
study onthe tLS&ge a nd assess 皿 e血 ofv apo rinfor utio nforiderde ciplin ary五elds･ 1me e psv apor
ih for m atio n syste m c o Ⅱtain ed inthetitleistake nin ther stLb3e cts(5)a nd(6)･
CⅡA 且ACTE RISTICS OFGPSV AP OR I NF OR M【A T ION
Thein attu e Ofthe GPSv aporinfor m atio nis asfono w s:
(1)0血ythepr e cipitable w ater.is a v aih blefro mep s, whichis v erticalyht
egr atedv apor of the air c olu Ⅱm･
(2)Theprecipilable w ateris v ertic&nyi血 gra-ted w ater v apo rav eragedbythe are a ofthe cir cle of which
r aditLSis ne,a rlythe sa m e astheheigh1L
(3)Resolt[tio n oftizneisprin cipallypo ssible upto lO mintlte S,ho w ev er, a n a cttulid e rvalwi ll bepr a ctically
o n e orthr eeho u rs.
(4)Spatialresollltionis abotlt25km inthe case ofO SI/eps n etw orks, altho ughitisdiffere ntin the are a･
(5)Ac ct - cy ofthepr ecipiiable w ateris abotltl･5m m, which is n otaffected byrain ･
(6)The e p sstatio ns ar elo c atedo nly o nthela nd, n ot o nthe se a, a nd isin staledinthebasin inm otutain o1旭
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are a.
A bo v e arethe char acteristics of e p sprecipitable w ateritself. Asthe constrtdion ofv apo rinfor m atio n
basedo nthe4 D D A data丘o m n um ericalw eatherfo rec astSyste m OfJ M Ais o n e ofthe objediv esin
G P SJM B T Japan,the e
-diJn en Sio nalv aporinfor m ationwillbe 且Vaihblein n e arfutu re.
A CTtJALC OND ITI ONS O FP R ECI PrABLE W A T ER D EPIC m I) BY G SI/e p s
O BS E R V A TION
Fig･3 isthe c og)aris e n ofprecipitable w atereSti皿 ated 丘om theradio so nde a nd丑
･
o m e p sobserv ation s at
r
r5ukLlba. Ⅶle Z e nith hydr ostatic delay, which callbe calcdated 丘o m atm osphericpr esstLre,is subtracted
血o m 2:enithn e utral delayto calcdate z enith w etdelay. llca nbe co n v ert dtop∫e cIPitable w aterbya:PPlying
a c o nstad ･
r
me c o r r elationis c on siderablyhigh･ T he a v er a野difFere nc eb tw ee nthem isO･4m zn, a nd
Standard deviatio nis2,1m m. Itsho w sthat the e p sis fun ctio ning w ellas a v apor se ns or･ Sm 山I dis agree n e Ht
will bedis appe aringbyirEtrO血cingv apor Orietled G P Sanalysis syste m･
Fig･4 de n otesthetiTrC Changesin precipitable w ater atShio A Omis akistatio n･ Stldde nin cre asesin
pre cipitable w ater are cle arlydeline ated, while r egmir obs erv atio n oftheradios onde cod dz10tdete cts u ch
abr uptchangps･
Fig･5sho w sthetra nsitio n ofpre cipitable water whenthe at=tu m n且1r 血 fro =tslo wly pass ed o v ertheJapa n
isla nd, whichis calculatedfro m regAnr GIS/G PSobservaLtiondata･ Al thD qghthe z enith hydrostaticdelayis
notex cluded in Fig･5, almost allthe v ariatio n ca nbe e xpl 血edby precipitable w aterbec atLSethe cha ngeln
at皿 )SPhericpressur eis within se v eral hPa at thl ti - T heloc atio n ofthe 血o血is cle arlydelin e ated asdark
partsinthefigtv e, which m e an sh mi d･
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CONS TR tJCTIO N OFGPSVA PO Rm FO R M A TION D A T A B A SE
G P Sinfor matio nin G SI is aJChiv edintw ofor m ats. On eis RJNEX丘1e
,
whichis r a w obs erv atio nd data･
The otherisSN EX me･ Itisthe a n alyz ed databytheepsso血w are. T 加1B ein v aporinfor m atio nisbas ed
o nSINE X 丘Ie･ Us ers c a n ac ces sthe datathr ollgha co Ⅱ甲tlter n etW O血
Thelarge c apa citydata archiv e syste m w asinstalled inthe c elderfor eTIvir on n e ntalre 皿 Ote
s ensing(C E RES)in Cbiba Univ ersity. Itis odgi71alydesign edto stores atellitedatadiredlyre ceiv ed in
CE ReS, whichareN O A Aa nd G ”S. VariotlS野 OgraPhicinform atio nin chding m eteor olgical dataisals o
plan nlngtO ar Chiv einit, a ndto constrtlCt adatabase sy te m
G P Sv apo ri dorJn atio nis o n e ofthe 野OgraPhicinfor m atio n, n a m elyithsthei皿fo fJ mtio n o nthelo catio n
ilis obs erv ed.
r
rheBPOgr aPhicinfor m atio n should be sto reda nd analyzedo nthe ge ogr aphicinfor m虹io n
syste m(GIS). Fig･1isdra wnbyllSing GIS, a nd ite n able sthe spatiala n alysis･
For e x a mple, Fig. 6sho w sthelo c atio n of G St/e p s Station s o nthela ndu se m ap. e p sv aporvariations
i 血er enlinthelo c alchara cteristics, stlCh 且Sla ndtlS e,tOPOg aPhy, etc., c a nbe 且n alyzed bys uperlq)OSlng
v a血 u s spatial infor m atio n o nthe e p sv apordata. Tie GISo riellted eps w ater v al)O rinfor m atio n syste mis
c urr edly pla mingto c o nstru ctin C E ReS, Chiba Univ ersity, fori血erdis ciplin aryen viron mentalstlldies･
GSUGP SStations onthe L A N D U S E M A P L
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C O N C LtJD m G REM ARK S
皿 er eis an otherproje ctinthe丘eldofe p sm eteo r ol gyintJSA tis obje ctiv eisto obse rve the v ertic al
pr o丘1es ofairte叩 er 3ttlre andv aporby e p sre ceiv er o nbo ardlo w orbitsatellib . 伽 s epr oje cts ar ein
c o叩1eln ed aryTehtio n ship wi theps/M E T Japa nin the spatialscaletre ated･ llis certainth
tbothpr oje cts
cod ributeto the n D nilo ringthedobalw aming a nd itsinfltw n c es･ e psgets a greateEPeetatio ninthtitwill
be aindi甲e n S able s en s ort Ⅱ 氾nitorthe ch ngesin Earthsyste m
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